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INTRODUCTION
Recently, a dramatic accumulation in foreign exchange reserves has been widely observed in developing countries. Foreign exchange reserves grew at a slow but steady pace between 1980 and 1995; beginning in the late 1990s, however, there was a dramatic rise in the accumulation of reserves. Foreign exchange reserves have now reached record-breaking levels in many developing countries, especially in Asia and the Middle East (Figure 1 ).
During the Asian financial crisis, less developed economies with smaller liquid foreign assets had difficulty averting panic in the financial markets and preventing sudden reversals in capital flows (see, for example, Corsetti, Pesenti, and Roubini 1999 and Sachs and Radelet 1998) . Many developing countries thus came to recognize the importance of increased liquidity as a form of self-protection against crises. Replacing liquid, short-term debt with illiquid, long-term debt was a popular policy recommendation, at least initially. Ultimately, however, the course of action that most developing economies took more seriously was raising foreign reserves. The acceleration in the accumulation of reserves was abetted by policymakers' desire to prevent currency appreciation and maintain the competitiveness of the tradable sector.
To the extent that government's decision is exogenous, foreign exchange reserve accumulation will also influence and change the behavior of private agents. These changes in behavior may have various macroeconomic consequences that will be particularly important in the long-run, when the temporary impacts of an accumulation in foreign exchange reserves disappear. In this paper, we explore the potential long-run impacts of foreign exchange reserve accumulation on macroeconomic variables in developing countries. In the first part of the paper, we analyze a simple open economy model where increased foreign reserves reduce the costs of liquidity risk. In the model, each representative agent maximizes the utility function from the consumption of tradable and non-tradable goods over time; the relative size of net foreign liquid debt to foreign exchange reserves reduces both the costs of liquidity risk and the liquidity premium. Given the amount of foreign exchange reserves, utilitymaximizing representative agents decide consumption, capital stock, and labor input, as well as the amounts of liquid and illiquid foreign debt. The equilibrium values of these macroeconomic variables thus depend on the amount of foreign exchange reserves. An increase in foreign exchange reserves raises both liquid and total debt, while shortening debt maturity. To the extent that foreign exchange reserve interest rates are low, increased foreign reserves will cause a permanent decline in consumption, as well as move labor from the non-tradable to the tradable sector. However, if the tradable sector is capital intensive, increased foreign exchange reserves may enhance investment and economic growth.
The second part of the paper provides empirical support for this theory using unbalanced panel data from the Penn World Table Version 6 .2 (Heston, Summers, and Aten 2006) . The data covers 134 countries for the period 1980-2004. To allow a structural break after the Asian financial crisis, we included the post-crisis dummy in some regressions. The evidence on external debt shows that an increase in foreign reserves raises total external debt outstanding and shortens debt maturity. The evidence also reveals that increased foreign exchange reserves may cause a decline in consumption, but can also enhance investment and economic growth. These results are consistent with those predicted by theory, when the interest rates of foreign exchange reserve are low and the tradable sector is capital intensive. The positive impact on economic growth, however, disappears when we control the impact through investment.
One may argue that an increase in foreign exchange reserves improves the current account, and consequently enhances aggregate output. In the short-run, aggressive intervention could help maintain the competitiveness of the tradable sector, and manifest itself in a massive accumulation in foreign exchange reserves by the central bank. The argument may be particularly relevant in explaining reserve accumulation in the People's Republic of China (PRC), where the de facto dollar peg has been maintained. However, this is a Keynesian type, demand-side outcome that will not be relevant in the long-run. Even though the intervention may be effective in changing nominal exchange rates, the current account needs to be balanced in the long-run, such that real exchange rates are fully adjusted to the equilibrium values. The results of our analysis are therefore instructive in determining the long-run, macroeconomic impacts of an exogenous accumulation in foreign exchange reserves.
In a previous study, Aizenman and Lee (2005) compared the relative importance of precautionary and mercantilist motives in explaining the hoarding of international reserves by developing countries. Their empirical results suggest that precautionary motives have played a more prominent role in reserve accumulation. Meanwhile, a study by Rodrik (2006) revealed that reasonable spreads between the yield on reserve assets and the cost of foreign borrowing led to an income loss of nearly one percent of GDP in developing countries that have rapidly increased foreign exchange reserves. In contrast, Levy Yeyati (2006) pointed out that the costs of foreign exchange reserves may have been considerably overstated in previous studies. He argued that, to the extent that reserves lower the probability of a run-induced default, they reduce the spread paid on the stock of sovereign debt.
This paper builds on these previous studies by investigating the macroeconomic effects of exogenous foreign exchange reserve accumulation---an issue which has not been well discussed in the literature. In particular, we distinguish liquid from illiquid debt and investigate how the maturity structure of external debt changes when foreign exchange reserves are accumulated. The model allows costs and benefits from foreign exchange reserve accumulation, as reported in the literature. It also incorporates both the tradable and non-tradable sectors, with different capital intensities. The different capital intensities are crucial in determining the long-run effects of foreign exchange reserve accumulation on capital accumulation and economic growth.
The rest of the paper proceeds as follows. Section 2 sets up our small open economy model, while Section 3 discusses the impacts of increased foreign exchange reserves. Section 4 provides supporting empirical evidence using panel data from the Penn World Table. Section 5 provides various robustness tests for our empirical results. Section 6 summarizes our main results and discusses their implications.
A SMALL OPEN ECONOMY
The main purpose of our theoretical model is to investigate the long-run impacts of accumulated foreign exchange reserves on macroeconomic variables in developing countries. We consider a small open economy that produces two composite goods, tradables and nontradables, relying on external debt. Each representative agent in the economy maximizes the following utility function: The representative agent is a net debtor in the international market. The budget constraint is
where b A t = net liquid debt outstanding; b B t = net illiquid debt outstanding; k t = domestic capital stock; T t = lump-sum tax; p N t = the price of the nontradable good; r = real interest rate of liquid debt; and R t = foreign exchange reserves. For simplicity, we assume that capital stock is tradable and that there is no capital depreciation. We also assume that 1+r < 1/β, to assure the existence of the steady state. Since the numeraire is the traded good, the real interest rate and the price of the non-tradable good are defined in terms of tradables.
Our model has two salient features that have not been commonly used in previous studies.
One is a liquidity premium ρ(b A t /R t ), which makes the real interest rate of illiquid debt higher than that of liquid debt. The other is an insurance premium φ(b A t /R t ). which increases as potential liquidity risk increases. In developing countries, sudden reversals in capital flows are less likely when the borrower shifts its external debt from liquid to illiquid debt. The lender thus requires an interest rate premium when issuing illiquid debt. The liquidity premium ρ(b A t /R t ) in the budget constraint reflects this premium. Unlike the liquidity premium ρ(b A t /R t ), the insurance premium φ(b A t /R t ) is included as an independent cost in the budget constraint because it is a direct cost of holding liquid foreign debt. In our model, the net supply of domestic debt is always zero, such that b A t denotes net liquid foreign debt. As b A t becomes larger relative to R t , the borrowing agent needs to pay larger costs to prevent a potential liquidity crisis. We assume that both of the premiums are increasing and convex in b
This reflects the fact that a panic in the financial market is more likely when a country has higher (net) levels of liquid foreign debt, and less likely when it has higher levels of foreign exchange reserves. The relative size of net liquid foreign debt to foreign exchange reserve is thus a good proxy for the premiums.
In the following analysis, we assumed that each production function has constant returns to scale in capital stock and labor input. Denoting the labor input for tradable good by n t and the total constant labor supply by N, our production functions are written as
where f' > 0, g' > 0, f" < 0, and g" < 0. We defined capital stock held in the tradable and nontradable sectors by k T t and k N t respectively. By definition, the total domestic capital stock is the sum of the two capital stocks, that is,
The amount of foreign exchange reserves R t and the lump-sum tax T t are exogenously given for the representative agent. The first-order conditions are thus derived by maximizing the following Lagrangian:
Assuming interior solutions, the first-order conditions thus lead to
Under the assumption of perishable goods, it holds that c N t = y N t in equilibrium. Since the numeraire is the traded good, the price of the nontradable good p N t denotes the real exchange rate of this small open economy at time t, where a decline in p N t implies a depreciation of the real exchange rate. Equation (5a) implies that the real exchange rate is determined by U 2 /U 1 . Given the Lagrange multiplier, equation (5b) determines the amount of tradable good consumption. Equation (5c) shows that the amount of liquid foreign debt b A t is positively related to the amount of foreign exchange reserves R t . This is because foreign reserves, which reduce liquidity risk, allow the representative agent to hold more liquid foreign debt.
At the steady state, the Lagrange multiplier µ t is constant and equal to µ > 0. This implies that all of the macro variables c affects the equilibrium values of these variables. However, at the steady state, it holds that µ t = µ t+1 , so that equations (5d), (5e), (5f), and (5g) lead to
Equations (5c), (6), and (7) imply that b
, and p N remain unchanged at the steady state for alternative values of foreign exchange reserves.
THE IMPACTS OF INCREASED FOREIGN EXCHANGE RESERVES ON MACROECONOMIC VARIABLES
To determine the long-run impacts of increased foreign exchange reserves on macroeconomic variables, we explore the impacts of an unanticipated change in R t on various macroeconomic variables at the steady state. The government has several alternatives for financing an increase in the amount of foreign exchange reserves. However, because of Ricardian equivalence, the method of finance will not affect resource allocation. We thus focus on the case where increases in foreign exchange reserves are solely financed by increases in the lump-sum tax T t . In this case, the government budget constraint at period t is written as
where G* is exogenous government expenditure and r R is the real interest rate of foreign exchange reserves. It is natural to assume that the rate of returns from foreign exchange reserves is very low in the international capital market.
Assuming that there is an unanticipated increase in foreign reserves, we first consider the impacts of this increase on external debt and its components at the steady state. We denote the steady-state value of variable x t by x and its change by ∆x. Since equation (6) holds at the steady state for any R t , we obtain
Since there is no net supply of domestic debt, two types of debt b A t and b B t denote net liquid foreign debt and net illiquid foreign debt, respectively. Equations (9a) and (9b) imply that an unexpected rise in foreign exchange reserves increases not only liquid foreign debt but also the sum of liquid and illiquid foreign debt. Equations (9a) and (9b) also lead to
Equation (10) indicates that an unexpected rise in foreign exchange reserves always increases the share of liquid foreign debt to total foreign debt. This happens because foreign exchange reserves reduce liquidity risk, so that the value of holding illiquid debt declines. An unexpected rise in foreign exchange reserves not only has an income effect that increases total foreign debt, it also has a substitution effect that replaces illiquid foreign debt with liquid debt.
We next consider the impacts of increased foreign exchange reserves on macroeconomic variables. Recall that each of p N , k T /n, and k N /(N-n) relies solely on the rate of time preference, that is, 1/β, and is independent of the amount of foreign exchange reserves at the steady state. This implies that an unanticipated increase in the foreign reserve has no impact on the real exchange rate or the capital-labor ratios of the two sectors, even in the long-run. However, the change in foreign reserves affects the steady state values of other macroeconomic variables such as consumption, capital stock, labor, and total output.
At the steady state, all the macroeconomic variables are constant over time. Since
, and c N = y N , the budget constraint at the steady state implies that rb
In addition, noting that c (5a), (5b), and (7) imply that
where B ≡ {(U 2 /U 1 )U 12 -U 22 }/{U 12 -(U 2 /U 1 )U 11 }. Since B > 0, equations (12a) and (12b) imply that consumption declines in both the tradable and non-tradable sectors when labor input increases in the tradable sector. Equation (12c) indicates that the real exchange rate is equal not only to the substitution rate of marginal utility, but also to the substitution rate of marginal transformation between the two sectors. The latter is the supply side determinant of the real exchange rate in our model. combining (12a) and (12b) with (9a), (9b), and (11) leads to (13a)
Equations (13a) and (13b) determine the impacts of increased foreign reserves on total consumption and labor input in the tradable sector, respectively. In general, we cannot see whether the derivatives are positive or negative in these equations; while a low rate of return on foreign exchange reserves and increased total foreign debt reduce permanent income, a shift from illiquid to liquid debt may relieve the interest rate burden of foreign debt. However, we can show that ∆(c T + c N )/∆R < 0 and ∆n/∆R > 0, if and only if
The right-hand side of (14) is increasing in b A /R. This implies that when b A /R is large enough, an increase in foreign exchange reserves has a positive impact on consumption and shifts labor from the tradable to the non-tradable sector. This happens because increasing foreign exchange reserves reduces risk premiums when liquidity risk is high enough. In contrast, the left-hand side of (14) is increasing in r R . Therefore, when the interest rate of foreign exchange reserves r R is low enough, an unanticipated increase in foreign exchange reserves has a negative impact on consumption and shifts labor from the non-tradable to the tradable sector. When the interest rate of foreign exchange reserves is low, holding foreign reserves is costly and leads to a decline in permanent income in terms of tradable goods. Consequently, while the tradable sector expands to supplement this decline of permanent income, consumption declines in both sectors simultaneously.
Note that ∆k T /∆R > 0 and ∆ k N /∆R < 0 when (14) holds, because capital-labor ratios k T /n and k N /(N-n) are independent of the amount of foreign reserves at the steady state. Shifting labor from the non-tradable to the tradable sector increases capital stock in the tradable sector, but decreases the same in the non-tradable sector. We also obtain
Equations (15a) and (15b) determine the impacts of increased foreign exchange reserves on total capital stock and total output, respectively. The impacts depend not only on the sign of ∆n/∆R, but also on the relative capital intensity of each sector. When ∆n/∆R > 0, increased foreign exchange reserves lead to an expansion in the tradable sector, but a contraction in the non-tradable sector. Consequently, when ∆n/∆R > 0, total capital stock increases as foreign exchange reserves increase, if and only if the tradable sector is more capital intensive than the non-tradable sector; that is, (k T /n) > (k N /(N-n)). When ∆n/∆R > 0, total output also increases as foreign exchange reserves increase, if and only if the tradable sector is more capital intensive than the non-tradable sector; that is,
The relative capital intensities between the two sectors are crucial in determining the impacts of increased foreign reserves on aggregate capital stock and aggregate output.
SOME INTERNATIONAL EVIDENCE

The Impacts on External Debt
The main implication of our theoretical analysis is that an increase in foreign reserves has significant long-run impacts on several macroeconomic variables in developing countries. The impacts, however, depend on the parameter values as well as on the interest rates. The purpose of this section is to test this theory using panel data on a large number of developing countries. We first examine the relationship between foreign reserves and total external debt outstanding and their average maturity. In terms of liquidity, short-term debt is more liquid than long-term debt, because sudden reversals in capital flows are more likely when debt maturity is short. Shorter average foreign debt maturity can therefore proxy for the degree of foreign debt. Our theoretical analysis suggests that a rise in foreign exchange reserves not only increases foreign debt, but also causes a shift from illiquid to liquid debt. In the following estimation, we can therefore expect foreign exchange reserves to have a positive impact on total external debt outstanding and a negative impact on average maturity.
We estimated the following two equations:
where Debt = total external debt outstanding; Maturity = average maturity of new commitments (years); GNI = gross national income; and Foreign Reserve = the amount of foreign exchange reserves. Subscript j denotes country j, while subscript t denotes year. The variable ∆x j,t denotes the first difference of x j,t . To avoid heteroscedasticity, foreign exchange reserve was divided by GNI in equation (17). To allow income differences and scale effects, we included log GNI as an explanatory variable in both equations. We also included auxiliary variables such as the import ratio, degree of openness, and an Asia dummy in (16).
Data on foreign exchange reserves was taken from the International Monetary Fund's International Financial Statistics, while data on total external debt outstanding, average maturity of new commitments, and GNI were derived from the World Bank's Global Development Finance. The data is unbalanced panel data on 134 developing countries, following the World Bank's classification (see Appendix 1 for the list of countries). The sample period is from 1980 to 2004.
The method of estimation was OLS with a constant term. To allow a structural break after the crisis, we included a post-crisis dummy in some regressions. The post-crisis dummy is a time dummy that takes on a value of one from 1998 to 2004, and zero otherwise.
Tables 1-(1) and 1-(2) report the estimation results of (16) and (17), with and without the post-crisis dummy. Total external debt outstanding has a significantly positive correlation with foreign exchange reserves, and is negatively correlated with log GNI. The increase in foreign exchange reserves is financed by issuing new external debt when income differences are adjusted. The results are robust even if we include auxiliary variables. This supports the view that increased foreign exchange reserves increase external debt outstanding. In contrast, debt maturity is negatively correlated with foreign exchange reserves as well as with log GNI. This negative correlation implies that an increase in foreign exchange reserves shortens debt maturity. Our theoretical analysis implied that foreign exchange reserves reduce liquidity risk, so that their increase will cause a shift from illiquid to liquid debt. To the extent that short-term debt is more liquid than long-term debt, the empirical results support this implication. The negative correlation with log GNI implies that debt maturity is shorter in smaller countries. 1980-2004, unbalanced panel) . The sample includes developing countries only.
2) The method of estimation is pooled-OLS; t-statistics are in parentheses.
3) Asia-dummy takes on a value of 1 for 5 Asian countries (PRC, Indonesia, Malaysia, Philippines, and Thailand).
4) Openness is (Export+Import)/GDP (variable "openk" of PWT 6.2).
(2) Maturity j,t = constant term + b 1 ⋅ Foreign Reserve j,t / GNI j,t + b 2 ⋅ log GNI j,t 2) The method of estimation is pooled-OLS; t-statistics are in parentheses.
The Impacts on Macroeconomic Variables
Using the same panel data, we next examined the long-run impacts of foreign exchange reserves on consumption, capital investment, export share, and GDP growth rate. These are important variables to measure macroeconomic performance. Our theoretical model suggests that, when interest rates on foreign exchange reserves are low, an increase in foreign exchange reserves will have: (i) a negative impact on consumption; (ii) a positive impact on export share; and (iii) a positive impact on capital investment and output, if the tradable sector is more capital intensive than the non-tradable sector.
We estimated the following three equations:
(18) Consumption j,t /GDP j,t = c 1 (Foreign Reserve j,t / GNI j,t ) + c 2 ⋅ log GNI j,t , (19) Export j,t /GNI j,t = d 1 (Foreign Reserve j,t / GNI j,t ) + d 2 ⋅ log GNI j,t , (20) Investment j,t /GDP j,t = e 1 (Foreign Reserve j,t / GNI j,t ) + e 2 ⋅ log GNI j,t , (21) ∆GDP j,t /GDP j,t = f 1 (Foreign Reserve j,t / GNI j,t ) + f 2 ⋅ log GNI j,t ,
where Consumption . = domestic consumption; GDP = gross domestic product; Export = the amount of export; and Investment = domestic capital investment. Subscript j denotes country j, while subscript t denotes year. To avoid heteroscedasticity, foreign exchange reserves and export were divided by GNI, while consumption and investment were divided by GDP.
Equations (18) and (19) explore the impacts of foreign exchange reserves on consumption and the export ratio respectively, while equations (20) and (21) investigate the impacts on capital stock and aggregate output. In equations (20) and (21), we used investment rate and GDP growth rate as dependent variables. If we strictly follow our theoretical discussions, we may use capital stock and the level of GDP as dependent variables in these equations. However, while consumption responds to a shock instantaneously, it usually takes a long time for capital stock to reach the steady state. In the estimations, we therefore explored whether investment and GDP growth are on the right transition path to the steady state, as predicted by our theory. To allow income differences and scale effects, we included log GNI in all equations. One may be concerned that the accumulation of foreign exchange reserves might be endogenous; however, the accumulation is a consequence of repeated changes in previous years. As such, reverse causality from the dependent variables to the level of foreign exchange reserves is less likely in our estimations.
The data on consumption, investment, and GDP were taken from the Penn World Table  Version 6 .2 (Heston, Summers, and Aten 2006) . The data is unbalanced panel data on 134 countries and the sample period is 1980-2004. The method of estimation is OLS with a constant term. To allow a structural break after the crisis, we included the post-crisis dummy in some regressions. The post-crisis dummy is a time dummy that takes on a value of one from 1998 to 2004 and zero otherwise.
Tables 2-(1), 2-(2), 2-(3), and 2-(4) report the results of our regressions with and without the post-crisis dummy. The coefficients of foreign exchange reserves are statistically significant in all cases. Foreign exchange reserve is negatively correlated with consumption in Table 2 -(1) and positively correlated with export ratio in Table 2 -(2). The results imply that an increase in foreign exchange reserves decreases consumption and expands the share of the tradable sector. To the extent that interest rate revenues from foreign exchange reserves are low, this is consistent with our theoretical results. Foreign exchange reserves are positively correlated with investment rate and GDP growth rate in Tables 2-(3) and 2-(4). This implies that the accumulation of foreign exchange reserves enhances capital accumulation and promotes sustainable growth in developing countries. Our theory suggests that this happens when the tradable sector is more capital intensive than the non-tradable sector. 1980-2004, unbalanced panel) . The sample includes developing countries only.
3) Asia-dummy takes on a value of 1 for 5 Asian countries (PRC, Indonesia, Malaysia, Philippines, and Thailand). 4) Africa-dummy takes on a value of 1 for African countries listed in the appendix.
(2) Export j,t /GNI j,t = d 1 (Foreign Reserve j,t / GNI j,t ) + d 2 ⋅ log GNI j,t , 1) Number of observations = 2297 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
(3) Investment j,t /GDP j,t = constant term + e 1 (Foreign Reserve j,t / GNI j,t ) + e 2 ⋅ log GNI j,t , 1) Number of observations = 2297 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
4) Africa-dummy takes on a value of 1 for African countries listed in the appendix.
(4) ∆GDP j,t /GDP j,t = constant term + f 1 (Foreign Reserve j,t / GNI j,t ) + f 2 ⋅ log GNI j,t , 2) The method of estimation is pooled-OLS; t-statistics are in parentheses.
ROBUSTNESS CHECKS
The impact of a change in foreign exchange reserves
The purpose of this sub-section is to estimate equations (18), (19), (20), and (21) with the change in foreign exchange reserves as an additional explanatory variable, to distinguish temporary and persistent impacts of foreign exchange reserve accumulation. The resource constraint suggests that a change in foreign exchange reserves, rather than the level of foreign exchange reserves, will have a dominant impact on consumption, investment, and aggregate output. The impacts of a temporary change will be reflected in the coefficient of the change in foreign exchange reserves, while the impacts of a permanent change will be reflected in the coefficient of the level of foreign exchange reserves. Comparing the coefficients will reveal how different the temporary and the persistent impacts are.
Tables 3-(1), 3-(2), 3-(3), and 3-(4) report the results of our regressions with and without the post-crisis dummy. Even after including the change in foreign exchange reserves, the coefficients of the level of foreign exchange reserves take the same signs and remain statistically significant in all cases. However, the coefficients of the change in foreign exchange reserves either become statistically insignificant or take different signs. 1) Number of observations = 2297 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
(2) dependent variable = Export j,t /GNI j,t , 1) Number of observations = 2297 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
(3) dependent variable = Investment j,t /GDP j,t , 1) Number of observations = 2297 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
(4) dependent variable = ∆GDP j,t /GDP j,t , 2108 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
3) Asia-dummy takes on a value of 1 for 5 Asian countries (PRC, Indonesia, Malaysia, Philippines, and Thailand). 4) Africa-dummy takes on a value of 1 for African countries listed in the appendix. 5) Dependent variable is growth rate of real GDP per capita (variable "grgdpch" of PWT 6.2).
The change in foreign exchange reserves is positively correlated with consumption in Table  3 - (1) and with the export ratio in Table 3 -(2). However, neither of the correlations is statistically significant. The short-run impacts of increased foreign exchange reserve on consumption and export share are, if any, very small. In contrast, the change in foreign exchange reserves is negatively correlated with investment and GDP growth rates in Tables  3-( 3) and 3-(4). The correlations are statistically significant but take opposite signs. This implies that increased foreign exchange reserves may reduce investment and GDP growth rates in the short-run, but increase them in the long-run.
When increased foreign reserves are persistent, consumption declines along with a fall in permanent income. But when increased foreign reserves are temporary, consumption does not decline, because of the permanent income hypothesis. Temporary increases in foreign exchange reserves therefore reduce domestic savings and have a negative impact on domestic investment and economic growth. Since the main purpose of our analysis is to explore the long-run impacts of exogenous accumulation in foreign exchange reserves on various macroeconomic variables, the impacts of temporary increases in foreign exchange reserves are not our main concern. However, it is in itself noteworthy that the accumulation of foreign exchange reserves may have different impacts in the short-run.
It is also noteworthy that the inclusion of the change of foreign exchange reserves might be useful in avoiding possible simultaneous bias in the coefficient of the level of foreign exchange reserves. Foreign exchange reserves may respond endogenously to several macroeconomic shocks. However, the response will only be reflected in the change in foreign exchange reserves. Reverse causality from the dependent variables to the level of foreign exchange reserves will be less likely when we include both the level of foreign exchange reserves and the change in foreign exchange reserves in the estimations.
Impacts through the current account surplus
Thus far, our empirical analysis has not investigated the impacts of foreign exchange reserve accumulation on the current account surplus. This is because we have focused on the long-run, where the current account will be balanced. To the extent that the rate of time preference is equal to world interest rate, the current account needs to be balanced in the long-run, where real exchange rates are fully adjusted. However, our sample period may not be long enough to smooth out short-run impacts. In the short-run, aggressive intervention could maintain competitiveness of the tradable sector and manifest itself in the massive accumulation of foreign exchange reserves by the central bank. One may argue that an increase in foreign exchange reserves improves the current account, and consequently has a positive impact on investment and aggregate output in our sample period.
The purpose of this sub-section is to estimate equations (18), (19), and (21) with the current account surplus as an additional explanatory variable, to isolate the impacts of foreign exchange reserve accumulation on the current account surplus in our regressions. Tables 4-(1), 4-(2), and 4-(3) report the results of our regressions with and without the post-crisis dummy. The current account surplus has a significantly positive impact on consumption, but has significantly negative impacts on investment and economic growth. The current account surplus may benefit consumption, but it may not enhance investment and economic growth in our long-run data.
More importantly, even after including the current account surplus, the coefficients of the level of foreign exchange reserves still take the same signs and remain statistically significant in all cases. Neglecting the impacts through current account surplus is not essential in discussing our main results in our long-run data set. 1) Number of observations = 2297 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
(2) dependent variable = Investment j,t /GDP j,t , 1) Number of observations = 2297 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
(3) dependent variable = ∆GDP j,t /GDP j,t , 1980-2004, unbalanced panel) . The sample includes developing countries only.
5) Dependent variable is growth rate of real GDP per capita (variable "rgdpch" of PWT 6.2).
Neoclassical growth regression
In our basic regression, we found that foreign exchange reserves are positively correlated with GDP growth rate. The regression is, however, not standard in literature. Following seminal papers by Barro (1991) and Mankiw, Romer, and Weil (1992) , a number of studies have confirmed that the rate of economic growth is well explained by the initial income level, the investment rate, and other auxiliary variables. The purpose of this sub-section is to examine how robust our results are when we follow the traditional growth literature. We estimate the following equation:
(22) ∆GDP j,t /GDP j,t = g 1 (initial GDP j,t ) + g 2 (Investment j,t /GDP j,t ) + g 3 ⋅ (Foreign Reserve j,t / GNI j,t ).
We estimate equation (22) with and without the investment rate as an explanatory variable. Table 5 summarizes the estimation results. When we estimate (22) without the investment rate, foreign exchange reserves still have a significantly positive correlation with GDP growth rate. However, this is no longer the case when we add the investment rate as an explanatory variable. This implies that once we add the investment rate as an explanatory variable, foreign exchange reserve accumulation is irrelevant for the economic growth rate. In other words, foreign exchange reserve accumulation can enhance economic growth rate, but only by enhancing investment. 1) Number of observations = 2108 (134 countries, 1980-2004, unbalanced panel) . The sample includes developing countries only.
5) Dependent variable is growth rate of real GDP per capita (variable "grgdpch" of PWT 6.2).
6) GDP per capita is relative to the U.S. (variable "y" of PWT 6.2).
CONCLUDING REMARKS
The recent accumulation in foreign exchange reserves has reached record-breaking levels in many developing countries. This paper investigated the long-run macroeconomic impacts of this trend in developing countries. In the first part of the paper, we analyzed a simple open economy model where increased foreign exchange reserves reduce the costs of liquidity risk. An increase in foreign exchange reserves raises both liquid and total debt, while shortening debt maturity. It also leads to a decline in consumption, although investment and economic growth may improve when the tradable sector is capital intensive. In the second part of the paper, we attempted to provide empirical support for our theoretical analysis.
During the last decade, financial globalization has been accompanied by frequent and painful financial crises. During these crises, countries with smaller liquid foreign assets had difficulty averting panic in financial markets and preventing sudden reversals in capital flows.
Many developing countries thus came to recognize increased liquidity as an important form of self-protection against crises. Raising foreign exchange reserves was a popular strategy adopted by many developing countries. However, the accumulation of foreign exchange reserves is accompanied by considerable social costs. It is therefore important to reconsider the optimal level of foreign exchange reserve accumulation in developing countries.
